An investigation was conducted with turkeys during the spring-summer seasons of 2008 to 2011. Each season the turkeys were allocated to three treatments. The control received a standard compound feed. In the second treatment, a natural feed additive, consisting of 5% extracted polyphenols from Cynara scolymus, was included in the diet, and the third consisted of a synthetic antioxidant mixture containing 17% butylhydroxytoluene (BHT), 6% propyl gallate, 2.4% etoxyquin and 25% citric acid. Blood samples were collected from the brachial vein, and antioxidative parameters were measured in the plasma. The males in the study had a significantly higher concentration of peroxides, malondialdehyde and vitamin C in their plasma than the females. The plasma concentration of low-molecular antioxidants, as well as the activity of the antioxidative enzymes, decreased with the age of the birds. The inclusion of the natural and synthetic feed additives to the diet increased the levels of the ferric-reducing ability of plasma and of vitamin C in turkeys.
Introduction
A measure of the antioxidant status of the body is the so-called balance or ratio between oxidative factors. These include lipid peroxidation products (conjugated dienes, peroxide radicals, hydroperoxides of fatty acids, and alkyl radicals), endogenous and exogenous suppressive substances against radicals (ROS) such as special groups of enzymes, for example superoxide dismutase, glutathione peroxidase, catalase with their associated metal cations (Cu, Zn, Mn, Fe,) and anion, selenium; and many low-molecular antioxidants such as bilirubin, creatinine, uric acid, urea, glutathione and active forms of vitamins E and C, (Bartosz, 2004) . All these constitute the total antioxidative potential of blood plasma, referred to as the ferric-reducing ability of plasma (FRAP) (Bartosz, 2004; Lutnicki et. al., 2006) . Multiple continuous oxidative processes at cellular and tissue level in the body of animals as a result of catabolism and the activity of selected forms of immune cells are normal physiological processes. They are counterbalanced by a complex antioxidative mechanism aimed at minimizing the effects of the so-called free radical species to maintain optimal homeostasis in the body, the antioxidant balance (Serafini & Del Rio, 2004) . As a result of the exposure of the animal body, including that of birds, to stress-inducing factors, immunosuppressive factors and a high level of cell metabolism owing to conditions and specific characteristics of rearing (stocking density, exchange and temperature of air, epizootic factors, genetic potential), a frequent phenomenon observed in the commercial rearing of poultry is the destabilization of the antioxidative balance owing to the excessive activity of free radical species (Truchliński et. al., 2007 , Ognik & Sembratowicz, 2012 .
The efficacy of antioxidative defence mechanisms is not a constant function, as it may be affected by the sex and age of the animal (Wang et al., 1998; Wickens, 2001; Milinković-Tur et al., 2007; Farahat et al., 2008b; Milinković-Tur et al., 2009) . Modulation of the antioxidative status of the bird's body through specified treatments, including optimizing the level and quality of the diet, and selecting nutrients and functional components, may be one of the key and highly effective means of improving the efficiency of the antioxidative system and, thereby, the health status of poultry.
The aim of this study was to determine how antioxidant supplements in the diet and the age and sex of the birds influence the development of indicators of redox status in the blood of growing turkeys.
Materials and Methods
The investigation was carried out with the approval of the local ethical committee (LEC 2008 (LEC -2011 . The study was performed to evaluate the effect of selected antioxidative feed additives, as well as age and sex changes, in the redox characteristics in the blood of growing turkeys. The study was conducted in the spring-summer seasons of 2008 to 2011. In each season, the experiment was conducted on 360 (3 group x 120 birds) tom turkeys and 360 (3 group x 120 birds) hen turkeys of the Big 6 line. Each treatment with 120 birds contained six replicates of 20 birds. The control, Group I, received a standard compound feed formulated according to NRC (1994) recommendations. The diet contained synthetic dl-alpha-tocopherol acetate at a dietary level of 50 mg/kg from 1 to 9 weeks of age and 45 mg/kg from week 10 onwards. The diet of Group II contained natural feed additives, 5% extracted polyphenols from Cynara scolymus, and that of Group III a synthetic feed additives containing synthetic antioxidants: 17% butylhydroxytoluene (E321), 6% propyl gallate (E310), 2.4% etoxyquin (E324) and 25% citric acid (E330) ( Table 1 ). The feed additives were added to the diets from the 5th to 16th week of the study. All birds were healthy and kept in cages 2.5 m x 4 m (20 hens) and 3 m x 5 m (20 toms) in size, in zootechnical conditions appropriate for turkey fattening. In each experiment, the turkeys were reared in the same poultry house. The birds were fed ad libitum and had freely accessible drinking water. The feed mixtures were produced on the farm, based on the recipes and premixes of the Polsanders-Poland company, and consisted of wheat, maize meal, extracted soybean meal and soybean oil, and maintained on an isonitrogenous and isoenergetic basis (Table 2 ). In computing the diet, consideration was given to other components affecting the antioxidative status of the body, such as vitamin C and selenium. Additional vitamin C was not supplied in the vitamin/mineral supplement, Farmix, nor was vitamin C added to the drinking water. The level of selenium during the rearing periods was as follows: Starter -0.352 mg/kg, Grower I -0.371 mg/kg, Grower II -0.370 mg/kg; Grower III -0.374 mg/kg; Finisher I -0.319 mg/kg and Finisher II -0.300 mg/kg.
During the 9th week of an experiment, 72 hens (24 birds x 3 group) and 72 toms (24 birds x 3 group) were randomly selected for blood collection. The same birds were bled again in their 12th and 15th weeks of age. Spectrophotometric assays were used to determine antioxidative enzymes activities in the plasma: Superoxide dismutase (SOD, E.C. 1.15.1.1) activity was determined using the adrenaline method modified to be read at 320 nm (Bartosz, 2004) , and catalase (CAT, EC 1.11.1.6) activity was assayed according to Bartosz (2004) . Assays to measure the antioxidant status were conducted to calculate the ferric-reducing ability of plasma (FRAP) (Benzie & Strain, 1996) . Vitamin C concentration was obtained using the method of Omaye et al. (1979) , and glutathione (GSH+GSSG) activity according to Akerboom & Sies (1981) and Weitzel et al. (1989) . In addition, the plasma was analysed for concentrations of lipid peroxidation products: peroxides (H 2 O 2 ), according to the method of Gay & Gębicki (2000; , and malondialdehyde (MDA) as the end product of tissue lipids oxidation, according to Salih et al. (1987) . Results were subjected to statistical procedures using the analysis of variance with the least square method (SAS, 1996) for the following model: 
Results and Discussion
This investigation demonstrated that the administration of both natural and synthetic feed additives with antioxidative or potentially antioxidative properties to turkey diets resulted in increased (P ≤0.01) plasma concentrations of the non-enzymatic antioxidants FRAP and vitamin C (Table 3) . Furthermore, the application of the natural feed additive decreased (P ≤0.05) the activity of CAT in blood plasma of the birds and the synthetic feed additives reduced (P ≤0.01) the plasma concentration of lipid peroxides. Owing to the possibility of stimulating the antioxidative system through for instance an appropriate diet by including antioxidative additives to diets and the water, it is feasible in many cases to avoid or to reduce the effects of the oxidative stress in poultry (Table 3) . The results of the reported study indicate that the application of both natural and synthetic feed additives with antioxidative or potentially antioxidative properties protects the body against induction of lipid peroxidation processes by stimulating the total antioxidative potential of plasma (FRAP). Ample data point to an increase in the level of FRAP and its constituents in turkeys receiving the natural additive Ognik & Czech, 2010a; or synthetic (Ognik & Sembratowicz, 2011) additive with potential antioxidative properties through their feed or drinking water. Based on other studies, the increased level of low-molecular (nonenzymatic) antioxidants may result in the stimulation of the antioxidative enzymes, superoxide dismutase, peroxidise and catalase, (Kamel et al., 2003; Vara Prasad Reddy et al., 2009 ), which was not confirmed in the present investigation with turkeys.
Values depicting the direction of changes occurring in redox processes in blood plasma of turkeys are presented in Table 4 . The effect of the sex of the turkeys on changes in prooxidative-antioxidative blood parameters demonstrated (P ≤0.01) a higher level of H 2 O 2 , MDA and vitamin C for turkey toms. Their blood plasma was also characterized by a lower (P ≤0.01) activity of SOD and total glutathione (GSSG+GSH). Higher concentrations of lipid peroxidation products and vitamin C and lower concentrations of antioxidants (SOD and GSH) were recorded in the turkey toms than in the hens. It has been demonstrated that the efficiency of the antioxidative system in poultry is influenced, to a great extent, by the sex of the bird (Farahat et al., 2008b) . According to Finley & Kincaid (1991) , sex determines the rate of metabolic transformations that effect changes in redox parameters. The physiological basis of the observed differences in the antioxidative parameters of animals of both sexes varies in intensity of oxidative stress and differs in response to that stress. This is linked with the mode of activation of the hypothalamic-pituitary-adrenal axis and the effect of the sex hormones. Farahat et al. (2008a; demonstrated that stress associated with the reproductive cycle causes females in the reproductive stage to require increased levels of antioxidative defence. In analysing the activities of selected antioxidative enzymes in chickens of both sexes, Farahat et al. (2008a; recorded higher levels in females than in males. However, owing to enhanced peroxidation of lipids observed in males, they seem to need a stronger stimulation of antioxidative defence (Gomez-Zubeldia et al., 2000) . Nevertheless, those issues require further in-depth investigations, especially in poultry.
According to Table 3 , a successive decrease with age in the activity of the antioxidative enzymes SOD and CAT, as well as MDA, is evident in both growing turkey hens and toms. In turn, analyses of the other antioxidative parameters in the blood of the turkeys (FRAP, vitamin C, GSSG+GSH, H 2 O 2 ) demonstrated an initial increase until the 12th week of life, followed by a decrease in the 15th week. Investigations carried out with poultry, laboratory animals and humans have demonstrated that the activity of the antioxidative system, to some extent, is determined by age (Wang et al., 1998; Wickens, 2001; Milinković-Tur et al., 2007; Milinković-Tur et al., 2009) . It has been proven that reactive oxygen species that induce cell damage and severe depletion of antioxidative defence elements accumulate in the course of body ageing (Sohal, 2002) . Some works report a correlation between the antioxidative efficiency of a body and production performance parameters, that is, body weight and body weight gains of birds (La Vronga & Combus, 1982) . The analysis of the results of the present study demonstrated a step-wise decrease in the activity of the antioxidative enzymes along with the age of the turkeys. Generally, changes in the activity of antioxidative enzymes along with age in the case of poultry may exhibit two tendencies, ascending or descending (Gihan et al., 2009 ). The differences in activities of those enzymes, to a great extent, are determined by their sub-cellular localization. In some tissues, along with age, the peroxidation processes are observed to intensify, while others diminish (Tian et al., 1998) . However, along with increasing age of poultry, often a decrease is first observed in activities of the antioxidative enzymes (SOD and CAT), followed by an increase, especially in laying hens in the period of peak egg production (Godin et al., 1995; Maini et al., 2007; Farahat et al., 2008b; Gihan et al., 2009) . A decrease in the activity of an antioxidative enzyme (PGX) along with age of broiler chickens has been reported by Kamel et al. (2003) . Interestingly, in the present study no increase with age was recorded in lipid peroxidation products of the turkeys. Verma et al. (2012) observed an increase in the level of lipid peroxidation products (MDA) with age, which was correlated with diminished activities of SOD and CAT. Decreasing activities of SOD and CAT during ageing are explained by the inactivation of these enzymes by increasing levels of H 2 O 2 with increased age (Tian et al., 1998) . However, apart from reactions of SOD with lipid peroxidation products, the reason for the decreasing activity of this enzyme might be reactions taking place in the process of non-enzymatic glycosylation, referred to as glycation. It has been demonstrated that enhanced glycation of SOD molecules resulted in the suppression of the activity of this enzyme in blood plasma along with age (Yan et al., 1997) . Experiments conducted by Ehrenbrink et al. (2006) with rats indicate that along with age the activity of SOD decreased, which, however, was not correlated with increased levels of lipid peroxidation products. In turn, the initial increase observed in the present study of the ferric-reducing ability of plasma and its components (vitamin C and glutathione) : means within the row with no common superscript differ significantly at P ≤0.01. * (P ≤0.05); ** (P ≤0.01). SOD: superoxide dismutase; CAT: catalase; FRAP: total antioxidant potential of plasma; VIT C: vitamin C; GSSG+GSH: glutathione total, H 2 O 2 : peroxides; MDA: malondialdehyde.
followed by a decrease in the final period of rearing is likely to be owing to changes in the intensity of the oxidative stress, which is indicated by identical changes observed for hydrogen peroxide. According to observations made in experiments with poultry and humans, the reducing level of FRAP along with age is an effect of depletion of non-enzymatic antioxidants, which are FRAP constituents (glutathione in particular) (Ibrahim et al., 2000; Milinković-Tur et al., 2007; Milinković-Tur et al., 2009) . Results in the present study, viz. the initial increase in glutathione level along with age, followed by a decrease, correspond with findings in a study with broiler chickens (Kamel et al., 2003) .
Year of study had an impact on the values of the blood markers examined (Table 4 ). The four-year analysis of changes in parameters of the redox status in blood of turkeys demonstrated that a diminished level of lipid peroxidation products (MDA) resulted in the suppressed activity of the enzymes SOD and CAT, and of total glutathione, as well as increased levels of FRAP and vitamin C. These tendencies were observed in 2009 and 2011. Unfortunately, the literature lacks information on the effect of differences between years on changes in the parameters of the antioxidant status of the birds. Comparisons were not possible. It is likely that the differences in the values of the parameters that were observed in particular years in the present study result from the impact of additional factors such as differences in microclimate of the turkey houses, and stress that were not investigated in the present study, as well as multiple interactions (Table 5 ) observed between the factors.
Conclusions
The sex of the birds was found to determine the higher levels of peroxides, malondialdehyde and vitamin C in the blood of the turkey toms. Lower activities of superoxide dismutase and glutathione were also observed in toms. The age of the birds had an effect on the reduced levels of low-molecular antioxidants (FRAP, vitamin C, GSSG+GSH) at the final period of rearing and on the successive decrease in the activities of antioxidative enzymes (SOD, CAT). The application of antioxidative or potentially antioxidative natural and synthetic additives caused an increase in the levels of FRAP and vitamin C.
The study confirmed the hypothesis that sex, age and antioxidant supplement, whether natural or synthetic, can alter blood antioxidant status indicators in turkeys.
